Aedes aegypti and Aedes albopictus are invasive mosquito species with geographic ranges that have oscillated within Florida since their presence was first documented. Local transmission of dengue, chikungunya, and Zika viruses serves as evidence of the public health importance of these two species. It is important to have detailed knowledge of their distribution to aid in mosquito control efforts and understand the risk of arbovirus transmission to humans. Through a partnership involving and mosquito control agencies throughout Florida, a container mosquito surveillance program involving all life stages was launched in the summer of 2016 to detect the presence of Ae. aegypti and Ae. albopictus. Results from this survey were mapped to provide a picture of the current known distribution of Ae. aegypti and Ae. albopictus in Florida. Aedes aegypti and/or Ae. albopictus were detected in the 56 counties that were part of the survey. Only Aedes albopictus was detected in 26 counties, primarily in the panhandle region of Florida. The results of this work underscore the importance of maintaining container mosquito surveillance in a state where chikungunya, dengue, and Zika viruses are present and where there is continued risk for exotic arbovirus introductions. Journal of Vector Ecology 44 (2): 210-215. 2019.
INTRODUCTION
Aedes aegypti (Linnaeus) and Aedes albopictus (Skuse) are invasive mosquito species that have established on every continent, except Antarctica, from their African and Asian origins, respectively (Gratz 1994 , Bonizzoni et al. 2013 . Aedes aegypti has likely been present in the United States since the 17th century, as evidenced by outbreaks of yellow fever and dengue (Eisen and Moore 2013) . Both species are competent vectors of a variety of arboviruses including yellow fever, dengue, chikungunya, and Zika (Radke et al. 2012 , Bortel et al. 2014 , Romano et al. 2014 , Campos et al. 2015 . In Florida, documented outbreaks of dengue occurred periodically since the early 1900s to as recently as 2009-2013 when outbreaks occurred in the Florida Keys and in Martin County, resulting in 111 locally-transmitted cases of dengue (Radke et al. 2012 , Rey 2014 , Arévalo et al. 2015 . In 2014, local transmission of chikungunya occurred in southern Florida, resulting in 11 locally-acquired cases (Kendrick et al. 2014) . The recent outbreak of Zika in Florida in 2016 resulted in 300 locallyacquired cases and more than 1,100 travel-associated cases. In 2017, 225 travel-associated cases of Zika were reported from Florida and there were two cases of locally acquired infection. In 2018, there were 109 travel-related cases reported in Florida (Florida Department of Health 2019).
Over the past seven decades, the spatial occurrence and distribution of Ae. aegypti and Ae. albopictus in the United States and in Florida has been reported by various organizations and compiled in state-wide, county, and citylevel records and distribution maps (Bradley and Atchley 1953 , Carpenter and La Casse 1955 , Hayes and Tinker 1958 , Tinker and Hayes 1959 , Morlan and Tinker 1965 , Darsie and Ward 1981 , 2005 , Peacock et al. 1988 , Moore et al. 1990 , Smith et al. 1990 , Darsie and Morris 2003 , Burkett-Cadena 2013 , Eisen and Moore 2013 , Hahn et al. 2017 . The most recent maps produced by the Centers for Disease Control and Prevention (CDC) indicate that it is "very likely" that both Ae. aegypti and Ae. albopictus occur throughout the entire state of Florida (CDC 2017).
Prior to the introduction of Ae. albopictus into Florida in 1986 (Peacock et al. 1988 ), Ae. aegypti was a common and widely distributed container species throughout the state (Hayes and Tinker 1958 , Tinker and Hayes 1959 , Morlan and Tinker 1965 . By 1994, only eight years after its initial discovery in the state, Ae. albopictus had been detected in every county in Florida (O'Meara et al. 1995) . This invasion by Ae. albopictus was followed by declines in Ae. aegypti populations, especially in the panhandle region of Florida. Various hypotheses have been proposed to explain the declines in Ae. aegypti. Studies done by Bargielowski et al. (2013) provide compelling evidence that asymmetrical satyrization may play a role in distribution variations where Ae. aegypti and Ae. albopictus co-occur. Additionally, climatic differences between the panhandle and peninsular Florida and larval competition may play a role in differential distributions of these species in Florida (Juliano 1998 , Juliano et al. 2002 , Braks et al. 2004 , Lounibos et al. 2010 . In recent years, Ae. aegypti has not been reported in areas of the panhandle by mosquito control programs or other entities. Additionally, Ae. albopictus has been documented in the Florida Keys, a region where it was previously detected only sporadically (Murray et al. 2018) . Due to the medical significance of these species and their proximity to humans, it is important for Florida mosquito control programs to regularly survey and document the distribution of Ae. aegypti and Ae. albopictus in the state.
Currently, there is no centralized system for reporting the presence of mosquito species in Florida. However, many abatement programs do routine surveillance and have management programs in place for container mosquitoes. Responses to a survey of Florida mosquito control programs (Parker et al. unpublished data) in 2016 revealed that 32 programs monitored for Ae. aegypti and/or Ae. albopictus within their jurisdiction, while five indicated they did not survey for either of these species. Twenty-six programs reported they had an active container mosquito management program, while 13 reported that they did not.
We initiated a statewide survey to document the current presence of Ae. aegypti and Ae. albopictus that included immature mosquito surveys by our team at the University of Florida, Institute of Food and Agricultural Sciences, Florida Medical Entomology Laboratory (FMEL); egg surveys performed by Florida government and academic agencies and private citizens; and data-sharing by Florida mosquito control agencies. This broad-reaching approach was utilized to maximize the number of data points as well as increase awareness of these two species of container mosquitoes that present public health concerns in the state.
MATERIALS AND METHODS

Egg surveys
The FMEL provided egg collection kits to participating organizations. The kit included instructions on how to collect Ae. aegypti and Ae. albopictus eggs, 480 ml black plastic cups (Gary Austin Advertising, Jackson, TN), seed germination paper (Anchor Paper Express, Plymouth, MN), binder clips, sandwich bags, and return envelopes. The black plastic cups were modified by punching six circular holes near the top of the cup to prevent the cup from overfilling with water, which would prevent oviposition by Ae. aegypti and Ae. albopictus. Participants mailed the egg papers to FMEL where the eggs were hatched, reared to the adult stage, and identified using the keys of Darsie and Morris (2003) .
Immature mosquito surveys
Mosquito control agencies were asked to participate in immature mosquito surveillance with the FMEL team where they assisted in identifying appropriate sites for container mosquitoes. Mosquito control programs identified ~six sites in their county where Ae. aegypti and/ or Ae. albopictus were likely to occur or had been previously collected. At these sites, mosquito control personnel and the FMEL team systematically moved through the area and exhaustively sampled all water-holding containers and other water bodies on the property. These samples were brought back to the FMEL laboratory where immature mosquitoes were reared to the adult stage. Upon emergence, adult mosquitoes were identified to species using a morphological key (Darsie and Morris 2003) .
Data management
Routine surveillance data were shared by mosquito control programs, including both immature and adult data using any collection method (CDC light trap, BG sentinel trap, domestic inspection, etc.). Routine surveillance data and data collected through the egg and immature mosquito surveys was entered into an ArcMap (ESRI, Redlands CA, U.S.A.) database (coordinates converted to decimal degrees and standardized). Data shared by mosquito control programs represented collections of Ae. aegypti and Ae. albopictus from 2011 to 2018. Distribution maps were created using ArcGIS software. Positive collections of Ae. aegypti and/ or Ae. albopictus, the associated collection information, and a county map of the State of Florida (ESRI 2015) were imported into the software. Using the GPS coordinates associated with each collection, two layers were created representing the collection locations for Ae. aegypti and Ae. albopictus, which were plotted on the Florida county map. Using the buffer tool in ArcMap, an 800 m buffer was added to each collection point to represent the potential flight range of these species (Honorio et al. 2003) . Using the intersect tool, a third layer was created representing where the distribution of Ae. aegypti and Ae. albopictus overlapped. To create the comparison distribution map (Figure 1 ), polygons were drawn on the Florida map that represented the distribution of Ae. aegypti and Ae. albopictus in Florida and the 1995 distribution of Ae. aegypti in Florida Lounibos 2016, O'Meara et al. 1995) . 
RESULTS
We received approximately 1,000 egg shipments from a total of 59 participants. Thirty-five programs shared routine surveillance data, and 11 site visits for immature mosquito collections were completed by the FMEL team. From 2011-2018, approximately 6,000 positive identifications were made for Ae. aegypti and Ae. albopictus in Florida (~12,000 data points total). Collections of Ae. aegypti and/ or Ae. albopictus were made in 56 of the 67 Florida counties (Figure 2 ). We did not receive data or sample in these eleven counties: De Soto, Dixie, Flagler, Gilchrist, Glades, Hamilton, Hardee, Highlands, Levy, Nassau, and Putnam counties. and Consumer Services, and individual researchers allowed for the collection of ~12,000 individual identifications of Ae. aegypti and Ae. albopictus. This effort allowed us to produce ground-truthed maps of container mosquito distributions in Florida.
This surveillance project also gave some mosquito control programs the opportunity to conduct container mosquito surveillance for the first time and set a baseline and the framework for maintaining the initiative. Because of the ever-present potential of the introduction of exotic container mosquitoes and arboviruses to make their way into Florida, and due to local transmission of dengue, chikungunya, and Zika viruses in Florida in recent years, surveillance of container mosquitoes is important from a control and public health perspective.
Surveillance conducted prior to the introduction of Ae. albopictus to Florida showed Ae. aegypti to be widely distributed throughout the entire state of Florida (Hayes and Tinker 1958 , Tinker and Hayes 1959 , Morlan and Tinker 1965 . Since the introduction of Ae. albopictus in 1986, Ae. aegypti has been displaced from regions of the state, potentially due to satyrization, climate differences, or larval competition (Braks et al. 2004 , Lounibos et al. 2010 , Bargielowski et al. 2013 ). Surveillance conducted by O' Meara et al. (1995) identified the northern regions of Florida that had major declines of Ae. aegypti, as this was where Ae. albopictus was introduced. This is echoed in maps produced by Bargielowski and Lounibos (2016) , as well as Lounibos et al. (2016) , that showed how the expansion of Ae. albopictus displaced Ae. aegypti from a large area of the state. Based on data from Bargielowski and Lounibos (2016) and Lounibos et al. (2016) , the distribution of Ae. aegypti was severly reduced after the introduction of Ae. albopictus. Our survey agrees with these results and demonstrates that Ae. aegypti has not re-established in the Panhandle region of Florida. However, our survey indicates that since 1995, Ae. aegypti has been detected in areas of the state it was previously displaced from or had gone undetected. This is particularly apparent in the non-coastal areas of peninsular Florida. In 1995, Ae. aegypti was present in less than half of the state of Florida. Our study indicates that it has now present in more than half of the state. Based on the observed trend of reinvasion by Ae. aegypti and the suitability of climatic factors throughout Florida (Dickens et al. 2018) , it is possible that Ae. aegypti could continue to expand its range.
The current absence of Ae. aegypti from the Panhandle is also supported by Hahn et al. (2017) . From 1995 to 2016, Ae. aegypti was not identified in the panhandle region of Florida. However Ae. aegypti was reported in Alachua and Levy counties by others (Hahn et al. 2017 ). In the present study, we did not identify any Ae. aegypti in Alachua County from egg surveys or in data that was shared for the purposes of this survey. We did not survey or receive data from Levy County. It is possible that Ae. aegypti could be present in Alachua County, as there have been positive collections of Ae. aegypti made in two nearby counties, Clay and Marion. This further supports the need for continued surveillance of container mosquitoes throughout the state of Florida.
Of the counties that were sampled, there were no counties where only Ae. aegypti was detected. The northernmost west coast county where Ae. aegypti was collected was Hernando County. There were 25 counties where only Ae. albopictus was collected, including Alachua, Baker, Bay, Calhoun, Citrus, Columbia, Escambia, Franklin, Gadsden, Gulf, Holmes, Jackson, Jefferson, Lafayette, Leon, Liberty, Madison, Okaloosa, Santa Rosa, Suwannee, Taylor, Union, Wakulla, Walton, and Washington counties. In all the counties where sampling took place, Ae. aegypti and/ or Ae. albopictus was detected. A list of counties, participating organizations, and the type of data collected are provided in Table 1 .
DISCUSSION
Because of the lack of a centralized reporting system for mosquito surveillance data in Florida, creating a map of the current distribution of Ae. aegypti and Ae. albopictus in Florida required the collaboration of numerous entities throughout the state. Collaboration with mosquito control districts, County Extension offices, Florida Department of Agriculture Bargielowski and Lounibos (2016) .
COUNTY CONTRIBUTOR
Alachua ( Aedes aegypti and Ae. albopictus were the primary focus for this surveillance project. However, while conducting immature mosquito surveillance and processing egg collections, other species of container-inhabiting mosquitoes were identified. These include Aedes triseriatus (Say), Aedes japonicus (Theobald), and the occasional Culex species. Aedes japonicus, a potential vector for multiple arboviruses, was recently identified in Florida and has been detected in multiple counties in the Panhandle region of Florida (Riles et al. 2017) . Aedes triseriatus is a competent and notable vector of La Crosse virus (Grimstad et al. 1977) and is widely distributed throughout the eastern United States, including Florida (Craig 1983) . The results of our survey indicate that the utilization of ovicup surveillance by mosquito control programs is useful for detecting the presence of other invasive mosquito vector species.
While the results of this survey provide a data-driven map based on actual collections of Ae. aegypti and Ae. albopictus, continued surveillance efforts are needed, especially in those Florida counties where distribution information was not collected. Continued surveillance of Ae. aegypti and Ae. albopictus will continue to 2020 and updated distribution maps will be made publicly available at http:// www.floridamosquito.info/distribution-map/.
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